Since the 2011 Fukushima accident, rebuilding society to protect against anxiety and improve feelings of well-being has grown in importance. A questionnaire was carried out among residents of Marumori Town, Igu County, Miyagi Prefecture, to evaluate the effects of radiation-related countermeasures implemented by the town to reduce residents' anxiety and improve their subjective well-being (response rate: 31%; valid responses: n = 174). Further, to propose effective countermeasures regarding town planning for the improvement in subjective well-being, we analyzed associations between residents' sense of attachment to the town and subjective well-being, and then identified primary factors behind their sense of attachment. Marumori Town, located about 50 km to the northwest of the Daiichi Nuclear Power Station, is a good site for evaluating the effects of countermeasures taken by the town itself to fight anxiety, because there have been limited surveys and professional medical support, and mitigation efforts were primarily initiated by the town. The results suggested that decontamination evaluations were associated with a reduction in anxiety after the accident, which contributed to an increase in residents' subjective well-being. On the other hand, the evaluation of items related to human interactions in the community and the natural environment was found as a primary factor of sense of attachment toward the town, which contributed to an increase of residents' subjective well-being. This is the first study to quantitatively measure the effects of radiationrelated countermeasures on reducing anxiety and to propose an effective policy approach for improving subjective well-being.
Introduction
The Fukushima Daiichi Nuclear Power Station accident (hereafter, the 2011 accident) following the 2011 Great East Japan Earthquake resulted in multiple risks. In addition to the risk of radiation exposure (United Nations Scientific Committee on the Effects of Atomic Radiation 2014), there was risk from the evacuation (Murakami et al. 2015b) , physical risk of diabetes and higher body mass index (Tsubokura et al. 2013; Satoh et al. 2015) , and mental health risks . High radiation anxiety was also observed in residents (Orita et al. 2013; Hino et al. 2016) . The perception of high radiation risk is associated with mental stress , which, along with mood disorders, is a major risk factor for suicide and other causes of death (Pratt 2009; Mattisson et al. 2015) . Further, multiple studies reported that after the 2011 accident, the subjective well-being of people living in the area around the Nuclear Power Station declined (Hommerich 2012; Rehdanz et al. 2015; Tiefenbach and Kohlbacher 2015) . After the 2011 accident, the subjective well-being of people living in prefectures adjacent to Fukushima was reduced (Tiefenbach and Kohlbacher 2015) , and it was estimated that the reduction in subjective well-being of residents living near the Daiichi Nuclear Power Station after the earthquake could be equivalent to the effect of a reduction of 2.4 times their income, if the reduction of subjective well-being was converted to the income (Rehdanz et al. 2015) . In particular, a decline in subjective well-being was observed among people who were anxious about radiation-contaminated food and who did not trust government institutions (Hommerich 2012) . Furthermore, residents' high anxiety about radiation negatively related to willingness to return to their hometown after evacuation (Orita et al. 2013) .
Therefore, administrative agencies in regions affected by the 2011 accident have implemented countermeasures not only to reduce risk, but also to maintain communities.
Various countermeasures were implemented after the 2011 accident, including decontamination work, wholebody counter (WBC; test of internal exposure), notifications on radiation doses, risk communication, and thyroid examinations. These countermeasures not only reduce risk measured by traditional indicators, such as carcinogenic risk, loss of life expectancy, quality-adjusted life years (QALY), and disability-adjusted life years (DALY), but also may be useful in reducing anxiety and improving well-being. Kahneman noted that "Rational or not, fear is painful and debilitating, and policy makers must endeavor to protect the public from fear not only from real dangers" (Kahneman 2011) . The importance of evaluating such countermeasures is increasing, not only for risk reduction, but also from the perspective of rebuilding society, protecting against anxiety, and improving feelings of well-being.
On the other hand, in the field of economics, subjective well-being indicators have been used to evaluate utility (Frey 2008) . Accumulation of research case studies has taken place both from a micro viewpoint, such as the relationship between subjective well-being and an individual's annual income or volunteer activities (Meier and Stutzer 2008; Kahneman and Deaton 2010) , and from a macro viewpoint, including the relationship between subjective well-being and a country's countermeasures to address poverty (Fukuda et al. 2016) . Moreover, in recent years, environmental policy has been identified as an issue in need of investigation, in terms of improvements in subjective wellbeing (Bok 2010) . Nettle categorized subjective well-being into three levels-positive/negative momentary feelings of emotion; judgments about feelings over the long term; and "Eudaimonia," reflecting the quality of one's life in terms of achieving one's potential-and set the former two as indicators of measurable subjective well-being (Nettle 2005) . In terms of methods of measuring judgments about feelings, "satisfaction with life", used by the World Values Survey (World Values Survey 2016) , and "the Cantril Ladder" by Gallup, Inc. (Gallup 2016) , are well known. With respect to policy proposal contributions, advantages of this approach have been demonstrated in various ways, including an investigation of the relationship between atmospheric pollution and a decline in subjective well-being (Ferreira et al. 2013) . However, no studies have quantitatively evaluated the effects of environmental countermeasures, such as radiation-related countermeasures, on anxiety and well-being. Using limited financial resources, administrative agencies in regions affected by the 2011 accident have implemented countermeasures to reduce risk associated with exposure. These countermeasures are also expected to improve levels of life satisfaction and subjective well-being. Improvement of subjective well-being is essential to support the health and lives of individuals and to revive towns affected by the accident. Indicators of subjective well-being allow the comparison of utility among various countermeasures, including radiation-related countermeasures and other town planning countermeasures, from the perspective of subjective values, namely, the perceptions of citizens.
In this study, a questionnaire was carried out among residents of Marumori Town, Igu County, Miyagi Prefecture, which was affected by the 2011 accident. There has been one general hospital in Marumori Town at and after the 2011 accident (Statistics Bureau of Japan 2016b). The number of residents in Marumori Town who received home guidance related to mental health from the town was 34, 21, 37, 56, and 46 in the 2009, 2011, 2012, 2013 and 2014 fiscal years, respectively (data from the 2010 fiscal year were not available due to the disaster) (Statistics Bureau of Japan 2016a). Immediately after the 2011 accident, the region showed radiation doses in excess of 1 mSv/ year, which was the final criterion used to trigger decontamination countermeasures by the national government (Marumori Town Official Website 2016). Despite this fact, there have been limited surveys in Marumori Town in comparison to Fukushima Prefecture. While surveys and professional medical support in Fukushima Prefecture have been implemented by organizations including central government, local governments, universities, and non-governmental organizations (NGOs), countermeasures were primarily initiated by the Marumori Town. Therefore, Marumori Town can be considered a good site to evaluate the effects of countermeasures by the town itself.
A cross-sectional design was implemented to evaluate the effects of radiation-related countermeasures on reducing anxiety and improving subjective well-being. First, associations between subjective well-being and current radiation anxiety, change in radiation anxiety compared to that after the 2011 accident, and residents' sense of attachment to the town were measured, as well as associations between willingness to reside in the town and these factors. Next, primary factors that had a strong association with sense of attachment to the town were extracted with reference to the town's comprehensive plan. To propose effective countermeasures regarding town planning for the improvement in subjective well-being, associations between sense of attachment to the town and its primary factors were analyzed. Finally, associations between various types of radiationrelated countermeasures carried out by the town and reductions in anxiety were clarified.
First, we hypothesized that radiation anxiety and sense of attachment to the town would be associated with subjective well-being and willingness to reside in the town. As indicators of radiation anxiety, a combination of "current anxiety" (i.e., "high anxiety" and "low anxiety" in 2015) and "change in radiation anxiety" (i.e., "reduction in anxiety," "no change" and "increase in anxiety" from 2011 to 2015) was considered. Second, we hypothesized that the items used in the town's comprehensive plan (Marumori Town Miyagi Prefecture 2015) would be associated with sense of attachment to the town. Third, we hypothesized that radiation-related countermeasures would be associated with change in radiation anxiety. Other factors including sex and age were also considered to have potential associations with these outcomes. This paper was prepared after an English translation and the addition of analyses, results, and discussion to a paper presented at the Proceedings of the Society for Risk Analysis (SRA)-Japan Annual Meeting (Murakami et al. 2015a ).
Methods

Ethics approval
The implementation of this questionnaire was approved by the Ethics Committee of Miyagi University (Miyagi University No. 1869). The subsequent analysis was approved by the Ethics Committee of Fukushima Medical University (Approval No. 2312).
Subjects and procedure
The region targeted for this survey was Marumori Town, Igu County, Miyagi Prefecture, which is located approximately 50 km to the northwest of the Daiichi Nuclear Power Station (Fig. 1.) . This rural region is adjacent to Fukushima Prefecture, with a population of 14,467 (as of March 1, 2016) and area of 273 km 2 (Marumori Town Official Website 2016).
The countermeasures initiated by Marumori Town itself were decontamination work, WBC, notifications on radiation doses, and thyroid ultrasonic examinations for children aged 18 years or younger. In addition, as part of risk communication, within one year after the 2011 accident, five radiation consultations were held on a scale from a few people to dozens of people, and three lectures were also held. In addition, since the 2011 accident, the town has provided information on measurements of airborne radiation doses and radionuclide concentrations in food and drink every month. This questionnaire survey was carried out in March 2015 by mail among 698 men and women aged 20-49 years living in Marumori Town, with the expectation that people in this age range would potentially be parents with young children. The number of survey subjects in each area was set to be proportional to the actual populations of the eight areas of Marumori Town, and then subjects were selected at random using the residential basic ledger, which we viewed with permission using a procedure following the Residential Basic Book Act.
Measures
To avoid the effects of the focusing illusion (Schkade and Kahneman 1998), we first measured satisfaction with life as one indicator of subjective well-being. Then, we administered the importance of happiness scale (see details in "Importance of happiness scale"), measured sense of attachment to the town and willingness to reside in the town, administered the importance of attachment scale (see details "Sense of attachment and willingness to reside"), and assessed current anxiety about radiation exposure, change in anxiety about radiation exposure compared to that after the 2011 accident (around 2011), evaluations of the town's various radiation-related countermeasures, perceptions of radiation risk, and individual attributes, in order. Individual attributes, known from previous reports to be related to subjective well-being (Veenhoven 2003; Frey 2008; Kodama et al. 2015; Tiefenbach and Kohlbacher 2015) , were also assessed: educational background, employment status, presence/absence of a jobless person in the household, marital status, presence/absence of children, co-habitation with family members, subjective feelings on health, smoking habits, annual household income, sex, and age.
Satisfaction with life: In accordance with a previous report (Frey 2008) , for satisfaction with life, subjects were asked to rate their overall satisfaction with their life at the present time on a scale from 0 (very unsatisfied) to 10 (very satisfied). This indicator corresponds to judgments about feelings within Nettle's three categorizations of subjective well-being (emotions, judgments about feelings, and quality of life) (Nettle 2005) . Judgments about feelings is a superior indicator with large amounts of worldwide evidence, such as satisfaction with life, used by the World Values Survey (World Values Survey 2016), and the Cantril Ladder by Gallup, Inc. (Gallup 2016) . It has also been reported that a subjective well-being indicator such as satisfaction with life has only small variations due to temporary changes in the surrounding situation and one's mood (Eid and Diener 2004) , and therefore, questionnaire results are reproducible (Schimmack and Oishi 2005) .
Importance of happiness scale: Based on a previous report (Economic and Social Research Institute 2012) , the importance of happiness scale was measured with the question, "To what extent do you think the following items are important in order for you to live happily?" Subjects were asked to rate 9 items on a 7-point Likert scale (1: very unimportant, 2: unimportant, 3: somewhat unimportant, 4: neither important nor unimportant, 5: somewhat important, 6: important, 7: very important). The items were family budget (size of income), motivations in life such as hobbies and contributions to society, health conditions, employment conditions (stability), free time or fruitful leisure time, relationship with the local community, personal relationships at school or work, family relationships, and relationships with friends.
Sense of attachment and willingness to reside: For sense of attachment to the town, subjects were asked to give a score from 0 (no attachment) to 10 (very strong attachment). For willingness to reside in Marumori Town in the future, they were asked to choose from "willing to reside," "do not know," or "not willing to reside." For the importance of attachment scale, with reference to the town's comprehensive plan (Marumori Town Miyagi Prefecture 2015), subjects were asked to answer how important they thought the following items were to form sense of emotional attachment to Marumori Town: natural environment; sports environment; amenities and leisure; human and neighborhood relationships; historical, cultural, and traditional industries; places for activities and interactions; infrastructure and facilities; educational environment; convenience for daily shopping; medical and health environment; and convenience for traffic (rail and road). A 7-point Likert scale was used (1: very unimportant, 2: unimportant, 3: somewhat unimportant, 4: neither important nor unimportant, 5: somewhat important, 6: important, 7: very important). Under circumstances of dramatic social changes such as rapid aging and depopulation in Marumori Town, which may have psychological effects, questionnaires of the importance of attachment scale used in the town's comprehensive plan are expected to provide suggestions for future countermeasures regarding town planning.
Radiation anxiety: Subjects were asked to rate their current radiation anxiety on a scale from 0 (very unworried) to 10 (very worried). For change in radiation anxiety compared to that after the 2011 accident, subjects were presented with five choices: "anxiety reduced compared to before," "anxiety somewhat reduced compared to before," "no change compared to before," "anxiety somewhat increased compared to before," and "anxiety increased compared to before." For the town's various radiation-related countermeasures, subjects were asked to evaluate the following items by choosing one of seven ratings ("not good at all," "not good," "somewhat not good," "neither," "somewhat good," "good," and "very good"): announcements from the town hall on radiation doses, decontamination work, WBC, and examinations for thyroid cancer. The consultations and lectures were not included in the scope of the evaluation as they were held more than 3 years before the questionnaire was carried out.
Perceptions of radiation risk: With regard to perceptions of radiation risk in accordance with a previous report (Slovic 1987) , subjects were asked to rate four items on a 4-point Likert scale (1: strongly disagree, 2: somewhat disagree, 3: somewhat agree, 4: strongly agree). A neutral point was not used so that subjects would have to select "agree" or "disagree."
Data processing
Among the 217 responses collected by March 30, 2015 (response rate, 31%), responses were deemed invalid for the following reasons: a) based on the residential basic ledger, there was an error of ±2 years or more for age or inconsistency for sex; and b) there was non-response for questions on the satisfaction with life, the importance of happiness scale, sense of attachment to the town, willingness to reside in the town, the importance of attachment scale, current radiation anxiety, change in radiation anxiety compared to that after the 2011 accident, evaluations of the town's various radiationrelated countermeasures, and perception of radiation risk. As a result, 174 responses were deemed valid. Valid responses rates were 18% for men and 26% for women in their twenties; 24% for men and 29% for women in their thirties; 21% for men and 33% for women in their forties; and 25% overall.
Each type of data was handled as described below, based on the data distribution. For satisfaction with life, there were 11 categories. For willingness to reside, there were three categories: "willing," "do not know," and "not willing." For change in radiation anxiety, there were three categories: reduction in anxiety ("anxiety reduced compared to before," "anxiety somewhat reduced compared to before), no change ("no change compared to before"), and an increase in anxiety ("anxiety increased compared to before," "anxiety somewhat increased compared to before"). For evaluations of the various radiation-related countermeasures, there were three categories: high ("very good," "good," "somewhat good"), middle ("neither"), and low ("not good at all," "not good," "somewhat not good"). For age, subjects were divided into three categories: those in their twenties, thirties, and 40 and above. For employment status, three categories were used: company employees, etc. (company employee, full-time nonmanagement; company employee, management; company executives and managers; dispatch and contract employees; civil servants and non-profit organization employees; teachers and lecturers; health professionals; and other professionals); self-employed (agriculture, forestry and fishery workers; self-employed, except for agriculture, forestry and fishery workers); and other (part-time and casual workers and on-the-side job; housewife and househusband; university student, graduate school student, technical college student, junior college student, and preparatory school student; jobless, retired, etc.). For marital status, three categories were used: unmarried, married, and divorced (no subjects selected "widowed"). For annual income, responses were divided into four categories: less than 3 million yen, 3 million to less than 6 million yen, above 6 million yen, and do not want to answer or did not provide an answer. Co-habitation with family members was categorized as living alone or with others. For educational background, two categories were used: graduated from a junior high school or a high school; or from a university, etc. (graduated from an educational facility other than a junior high school or a high school). For smoking habits, two categories were used: do not smoke ("never smoke," "do not usually smoke") and do smoke. For other variables with three items or more, and factor scores from the factor analysis (see details in "Statistical Analysis"), two categories were created based on the median value. For sense of attachment to the town and current radiation anxiety, scores of 7 (the median value) and above were in the "high" group and scores of less than 7 were in the "low" group. For subjective feelings on health, responses of "very good" and "good" were set as "favorable," and "not good at all," "not good," "somewhat not good," and "somewhat good" were set as "other."
Statistical analysis
For the importance of happiness scale, the importance of attachment scale, and perception of radiation risk, values from the 7-point and 4-point Likert scales were used, and a factor analysis was carried out using the maximum likelihood method and Promax rotation. Factors with an eigenvalue of 1 or more were extracted, and factor scores were obtained using the regression method. Tables 1 to 3 show the respective factor pattern matrices. Considering that a ceiling effect was seen for some questions, a general least-squares method not assuming a normal distribution was also used; however, the results obtained for the factor pattern matrices were very consistent, and the correlation of the respective factor scores was high (r = 0.976-1.000). Therefore, the results obtained using the maximum likelihood method were adopted. As the outcome of Bartlett's test of sphericity was P ≤ 0.001 and the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was 0.807-0.826, the results obtained from the factor analysis were judged to be reliable.
In tests of differences in satisfaction with life, the U-test was used for comparisons between two groups, and the Kruskal-Wallis test was used for comparisons among 3 groups or more. The χ 2 test or Fisher exact test were used to test differences in the distributions for willingness to reside, sense of attachment to the town, and change in radiation anxiety for each individual factor.
A multivariate ordered logistic regression was performed with satisfaction with life and willingness to reside as the objective variables. For willingness to reside, "not willing," "do not know," and "willing" were regarded as 1, 2, and 3, respectively. Explanatory variables were those items for which significant associations were seen in the above-described tests: presence/absence of a jobless person within the household; subjective feelings on health; sense of attachment to the town; the importance of happiness scale (Factor 1: human relationships, Factor 2: job and family budget, Factor 3: hobbies and leisure (see details in "Extraction of factors related to the importance of happiness scale, the importance of attachment scale, and perception of radiation risk")); and a combination of current radiation anxiety and change in radiation anxiety. In addition, sex and age were used as general adjustment factors. In the multivariate binomial logistic regression, with sense of attachment to the town as the objective variable, sex, age, presence/absence of a jobless person within the household, subjective feelings on health, and the importance of attachment scale (Factor 1: human interactions and the environment, Factor 2: convenience (see details in "Extraction of factors related to the importance of happiness scale, the importance of attachment scale, and perception of radiation risk")) were used as the explanatory variables. In the multivariate ordered logistic regression, with change in radiation anxiety as the objective variable, sex, age, presence/absence of a jobless person within the household, subjective feelings on health, evaluation of the town's various radiation-related countermeasures, perception of radiation risk (Factor 1: dread risk, Factor 2: unknown risk (see details in "Extraction of factors related to the importance of happiness scale, the importance of attachment scale, and perception of radiation risk")) were used as explanatory variables (Model 1). "Increase in anxiety," "no change," and "reduction in anxiety" were regarded as 1, 2, and 3, respectively. In Model 1, the analysis was carried out assuming that perceptions of radiation risk did not change greatly from before the 2011 accident to the present time, and that perceptions of radiation risk would affect change in radiation anxiety. However, alongside changes in radiation anxiety, it is possible that perceptions of radiation risk also changed. Therefore, in addition to Model 1, we carried out an analysis, in which perceptions of radiation risk was excluded from the explanatory variables (Model 2). As multicollinearity was present for the evaluations of WBC and examinations for thyroid cancer in the results of the multiple regression analysis performed using the same variables (i.e., VIF (Variance Inflation Factor) > 10), evaluations of the thyroid tests were excluded from the analysis. As a result, in all of the regressions, VIF was 5.14 or less, and the impact of multicollinearity was determined to be small. Results of P > 0.10 were obtained for all of the parallel lines tests in the multivariate ordered logistic regressions; therefore, it was possible to assume parallelism in the multivariate ordered logistic regressions. For the analysis, IBM SPSS Statistics 22 and R (R Development Core Team 2011) were used.
Results
Extraction of factors related to the importance of happiness scale, the importance of attachment scale, and perception of radiation risk
Three factors were extracted from the analysis of the importance of happiness scale (Table 1) . In Factor 1, loadings for relationships with friends, family relationships, and human relationships at school or work were large, indicating a factor expressing "human relationships." In the same way, Factor 2 was interpreted as "job and family budget," and Factor 3 as "hobbies and leisure." With regard to the importance of attachment scale (Table 2) , loadings on Factor 1 were large for human and neighborhood relationships; places for activities and interactions; infrastructure and facilities; educational environment; natural environment; and historical, cultural, and traditional industries. Therefore, we interpreted this factor to be related to interactions between people, the natural environment, and cultural qualities, namely, "human interactions and the environment." Large loadings on Factor 2 were observed for traffic convenience, convenience for daily living, and the medical and health environment, which we interpreted as a convenience-related factor. For perception of radiation risk (Table 3) , consistent with a previous report (Slovic 1987) , two factors were extracted: Factor 1, which typified lethality and effects on future generations, and Factor 2, which represented whether it was scientifically elucidated. We gave these factors the respective names "dread risk" and "unknown risk." The items on the unknown risk factor were presented in reverse, such that lower scores indicated stronger perception of unknown risk.
Association between satisfaction with life, sense of attachment to the town, and radiation anxiety
In order from low to high, percentages for satisfaction with life were as follows: 0 (very unsatisfied): 1.7%, 1: 1.7%, 2: 1.1%, 3: 5.7%, 4: 1.7%, 5: 21.8%, 6: 10.9%, 7: 26.4%, 8: 19.0%, 9: 3.4%, 10 (very satisfied): 6.3%; and the median value was 7. Percentages for willingness to reside in the town in the future were as follows: willing to reside: 48.3%, not willing to reside: 13.2%, and do not know: 38.5%. Percentages for sense of attachment to the town were as follows: 0 (no attachment): 1.7%, 1: 2.3%, 2: 1.7%, 3: 5.7%, 4: 4.0%, 5: 21.3%, 6: 10.9%, 7: 14.9%, 8: 17.8%, 9: 3.4%, 10 (very strong attachment): 16.1%; and the median value was 7. Percentages for current radiation anxiety were 0 (very unworried): 6.9%, 1: 1.7%, 2: 5.2%, 3: 6.9%, 4: 2.9%, 5: 17.8%, 6: 6.3%, 7: 12.1%, 8: 13.2%, 9: 4.6%, 10 (very worried): 22.4%; and the median value was 7. With regard to change in radiation anxiety compared to that after the 2011 accident, the percentages were as follows: anxiety reduced compared to before: 23.6%, anxiety somewhat reduced compared to before: 31.6%, no change compared to before: 29.9%, anxiety somewhat increased compared to before: 5.7%, and anxiety increased compared to before: 9.2%. This means that more than 55% of subjects responded that their anxiety had decreased. Fig. 2 (a, b) shows the relationships between each of the factors and satisfaction with life and willingness to reside. For educational background and employment status, the total number of participants was not equal to the total number of participants in this survey (n = 174) owing to missing data. From the results of the univariate analysis, satisfaction with life was significantly higher when there was no jobless person within the household (P ≤ 0.01). Similarly, significant differences were observed for subjec- tive feelings on health, sense of attachment to the town, and human relationships and hobbies and leisure on the importance of happiness scale (P ≤ 0.001 for subjective feelings on health and sense of attachment to the town; P ≤ 0.01 for human relationships and hobbies and leisure). For radiation anxiety, differences in satisfaction with life were confirmed among groups (P ≤ 0.05). No significant differences were seen for sex, age, educational background, marital status, presence/absence of children, living alone or not, annual income, and the importance of happiness scale (job and family budget) (P > 0.10). Conversely, with regard to willingness to reside, significant differences were found for sense of attachment to the town, and hobbies and leisure on the importance of happiness scale (P ≤ 0.001 and P ≤ 0.01, respectively). Table 4 shows the results of a multivariate ordered logistic regression with satisfaction with life and willingness to reside as objective variables. The results were significant for both of the regression formulas (P ≤ 0.001). Constant β at threshold = 0-9 for satisfaction with life was -2.81, -2.09, -1.77, -0.78, -0.58, 1.09, 1.73, 3.26, 4.88, and 5.41, respectively. Constant β at threshold = 1 (not willing) and 2 (do not know) for willingness to reside in the town was -0.91 and 2.03, respectively. Irrespective of current radiation anxiety, compared to subjects whose radiation anxiety increased after the 2011 accident and whose current radiation anxiety was high, the satisfaction with life of subjects whose anxiety decreased was significantly higher: for those whose current anxiety was low, odds ratio (OR): 3.09, 95% CI: 1.22-7.84; for those whose current anxiety were high, OR: 3.00, 95% CI, 1.17-7.74 (P ≤ 0.05). A significant association was observed between satisfaction with life and sense of attachment to the town (OR: 5.57, 95% CI: 2.90-10.7, P ≤ 0.001). Other than the above, significant associations were found between satisfaction with life and subjective feelings on health or the importance of happiness scale (hobbies and leisure) (P ≤ 0.001 and P ≤ 0.10, respectively).
On the other hand, with regard to willingness to reside in the town, the OR for sense of attachment to the town was 17.1 (95% CI: 7.26-40.1, P ≤ 0.001), which is very high, suggesting that sense of attachment to the town is an extremely important factor for willingness to reside. Other than the above, willingness to reside was stronger in men than women and in subjects who valued hobbies and leisure for happiness. Willingness to reside was weaker in twenties and thirties in compared to 40 years or older, and among those who valued human relationships for happiness. No significant associations were seen between radiation anxiety and willingness to reside (P > 0.10). Association between sense of attachment to the town and the importance of attachment scale As described above, when subjects' sense of attachment to the town was high, their satisfaction with life was also high and they were willing to reside in the town. To investigate which factors result in the formation of sense of attachment to the town, relationships between individual factors and sense of attachment to the town were examined using a univariate analysis (Fig. 3) . A significant difference was seen for age and the human interaction/environment factor on the importance of attachment scale (P ≤ 0.01 for age, P ≤ 0.001 for human interaction/environment on the importance of attachment scale). A multivariate binomial logistic regression with sense of attachment to the town as the objective variable (Table 5 ) was significant with regard to the regression formula (P ≤ 0.001). Constant β was -0.85. For age (thirties), a significant association was seen (OR: 2.32, 95% CI: 1.08-4.98, P ≤ 0.05). In addition, the human interaction/environment factor on the importance of attachment scale had an OR of 3.80 (95% CI: 1.82-7.90, P ≤ 0.001), showing a strong association. Conversely, no significant association was seen for the convenience factor on the importance of attachment scale (P > 0.10).
Association between change in radiation anxiety and radiation-related countermeasures
For evaluations of the various radiation-related countermeasures carried out by the town, the percentages of subjects who evaluated them highly ("very good," "good," and "somewhat good") were as follows: announcements on radiation doses: 80.5%, decontamination: 71.8%, WBC: 77.0%, examinations for thyroid cancer: 79.9%; overall subjects highly evaluated the efforts of the town.
Regardless of current radiation anxiety, compared to subjects whose radiation anxiety increased from after the 2011 accident to the present time, subjective well-being (105) University graduates etc (68) Company employees etc (101) Self-employed etc (11) Other (60) Unmarried (73) Married (87) Divorced (14) Presence of children (89) Absence of children (85) Living alone (6) Living with other family members (168) Presence of a jobless person (22 ns, not significant (P > 0.1), *P ≤ 0.10, **P ≤ 0.05, ***P ≤ 0.01, ****P ≤ 0.001. Company employees etc (101) Self-employed etc (11) Other (60) Unmarried (73) Married ( Table 4 . Association of factors including radiation anxiety to satisfaction with life or willingness to reside in the town through multivariate logistic analysis.
IHS, importance of happiness scale; CI, confidence interval; ref, reference. ns, not significant (P > 0.10), *P ≤ 0.10, **P ≤ 0.05, ***P ≤ 0.01, ****P ≤ 0.001. Values in parentheses indicate number of participants (*P ≤ 0.10, **P ≤ 0.05, ***P ≤ 0.01, ****P ≤ 0.001). IAS, importance of attachment scale.
was higher among subjects whose feelings of anxiety had reduced ("Association between satisfaction with life, sense of attachment to the town, and radiation anxiety"). To evaluate the relationships between change in radiation anxiety and individual factors, including various radiationrelated countermeasures implemented by the town, a univariate analysis was carried out (Fig. 4 ). Significant differences were seen for subjective feelings on health, evaluations of radiation-related countermeasures, and perception of radiation risk (dread risk factor) (P ≤ 0.001 for perception of radiation risk, P ≤ 0.01 for decontamination and examinations for thyroid cancer, P ≤ 0.05 for WBC, P ≤ 0.10 for subjective feelings on health and announcements from the town hall on radiation doses). Next, with an adjustment for each of the factors, associations between change in radiation anxiety and evaluations of radiation-related countermeasures were investigated (Table 6 ). Both of the regression-formula models were significant (P ≤ 0.001 for Model 1, P ≤ 0.05 for Model 2). Constant β at threshold = 1 (increase in anxiety) and 2 (no change) in Model 1 was -1.50 and 0.36, respectively. Constant β at threshold = 1 (increase in anxiety) and 2 (no change) in Model 2 was -0.32 and 1.39, respectively. A significant association was found between change in radiation anxiety and the dread risk factor (OR: 0.22, 95% CI: 0.11-0.45, P ≤ 0.001; Model 1). In addition, significant associations were observed between change in radiation anxiety and evaluation of the town's efforts at decontamination (OR: 3.21, 95% CI: 1.01-10.2, P ≤ 0.05 for the highevaluation group; OR: 3.21, 95% CI: 0.82-12.6, P ≤ 0.10 for the middle-evaluation group). The same results were obtained even in the regression in which perception of radiation risk was excluded (Model 2) (OR: 3.40, 95% CI: 1.12-10.4, P ≤ 0.05 for the high-evaluation group; OR: 3.95, 95% CI: 1.04-14.9, P ≤ 0.05 for the middle-evaluation group). In both of the models, no significant associations were seen between change in radiation anxiety and announcements on radiation dose or WBC. In addition, weak but significant associations were seen between change in radiation anxiety and subjective feelings on health (OR:
1.89, 95% CI: 0.96-3.75, P ≤ 0.10 in Model 1; OR: 1.73, 95% CI: 0.90-3.32, P ≤ 0.10 in Model 2). In Model 1, compared to subjects in their forties, the percentage of those in their thirties with reduced radiation anxiety was slightly but significantly lower (OR: 0.50, 95% CI: 0.23-1.07, P ≤ 0.10). No significant associations were seen between a reduction in radiation anxiety and sex, other individual attributes, and perception of radiation risk (unknown risk) (P > 0.10).
Discussion
In this study, satisfaction with life was used as one indicator of subjective well-being and the effects of radiation-related countermeasures and other factors on reducing radiation anxiety were evaluated. Further, to provide advice on countermeasures regarding town-planning, associations between sense of attachment to the town, items in the town's comprehensive plan, and satisfaction with life were investigated.
Many residents of Marumori Town rated satisfaction with life 5 or 7 out of 10, which is similar to trends seen in other regions of Japan (Tiefenbach and Kohlbacher 2015) . Factors that contributed to an improvement in satisfaction with life included sense of attachment to the town, reduction in radiation anxiety compared to that after the 2011 accident, subjective feelings on health, and importance of happiness scale (hobbies and leisure). The relative importance of change in radiation anxiety compared to current radiation anxiety can be explained based on Prospect theory (Kahneman and Tversky 1979) . Rather than depending on the current situation, utility as a subjective value depends upon change from a reference point. The association between subjective feelings on health and satisfaction with life was consistent with the results of a previous report (Kodama et al. 2015) ; however, in contrast with previous research, no significant association was observed for sex, age, and annual income (Tiefenbach and Kohlbacher 2015) . It is possible that the weak association with annual income resulted because the effect of annual income was weak for the satisfaction with life indicator that was adopted in this study, in comparison to the Cantril Ladder (Bjørnskov Table 5 . Association of individual characteristics and the importance of attachment scale to sense of attachment to the town through multivariate logistic analysis.
ns, not significant (P > 0.10), *P ≤ 0.10, **P ≤ 0.05, ***P ≤ 0.01, ****P ≤ 0.001. 2010). It is also possible that the power to detect a difference was weak because the sample size was limited (n = 174).
In both of the models, the factors contributing to a reduction in radiation anxiety compared to that after the 2011 accident were subjective feelings on health and evaluation of the decontamination by the town. Evaluations of countermeasures may be related to trust toward the town (Visschers and Siegrist 2013) . Importantly, this suggests that people who highly evaluated decontamination rather than other countermeasures by the town, including announcements on radiation doses, WBC, and examinations for thyroid cancer, experienced a reduction in radiation anxiety compared to that after the 2011 accident, and that their satisfaction with life was high. This is a novel finding of quantitative effects of reducing radiation anxiety and improving subjective well-being from decontamination work. However, we did not evaluate cost effectiveness, and (68) Company employees etc (101) Self-employed etc (11) Other (60) Unmarried (73) Married (87) Divorced (14) Presence of children (89) Absence of children (85) Living alone (6) Living with family members (168) Presence of a jobless person ( Values in parentheses indicate number of participants (*P ≤ 0.10, **P ≤ 0.05, ***P ≤ 0.01, ****P ≤ 0.001). WBC, whole body counter.
policies to improve well-being cannot always be justified from this viewpoint. In addition, in the Model 1 analysis, an association was seen between low dread of radiation and reduction in anxiety about radiation compared to that after the 2011 accident. For Model 1, the analysis was carried out assuming that the perception of radiation risk did not change greatly from immediately after the 2011 accident until the present time. However, it is possible that alongside the change in radiation anxiety after the 2011 accident to the present time, the perception of radiation risk also changed. In this study, causal relations, such as whether radiation anxiety has been reduced for those who had low dread about radiation risk since the 2011 accident, or whether dread about radiation has been reduced as a result of a reduction in radiation anxiety, remain open to debate. On the other hand, our results also suggest that strong sense of attachment to the town is a major factor toward improving satisfaction with life. Factors important in forming sense of attachment to the town were found to be valuing human interactions and the environment: namely, the natural environment; sporting environment; human and neighborhood relationships; historical, cultural, and traditional industries; places for activities and interactions; infrastructure and facilities; and interactions in educational facilities. Our results suggest that rather than valuing convenience related to daily shopping, the medical and health environment, and traffic, persons who valued human interaction and the environment formed sense of attachment to the town, which contributed to improvement in satisfaction with life. This implies that to form sense of attachment to the town and thereby improve satisfaction with life, the construction of places for activities and human interactions within the community and preservation of the natural environment should be a high priority. This result highlights that the town's prioritized countermeasures combining various options including enhancement of local human interactions and environmental protection and decontamination are prospective to improve subjective well-being. Our results also showed that compared to those 40 years or older, those in their thirties had high sense of attachment to the town; however, the detailed reasons for this are unclear and further analysis is required in the future.
In contrast to satisfaction with life, the results for willingness to reside indicated that its association with change in radiation anxiety compared to that after the 2011 accident was not strong, and that sense of attachment to the town, age, and the importance of happiness scale (human relationships and hobbies and leisure) had stronger associations. The contributions of age and the importance of happiness scale to this association are attributable to the number of years of residence, and a worldview valuing a lifestyle with rich hobbies and leisure rather than hurried human interactions in the town. It is known that one's worldview is strongly related to risk perception (Kahan et al. 2007) and there is likely an association between the choice of where to live and one's worldview. Interestingly, no significant association was observed between willingness to reside and radiation anxiety. In a survey of residents of Kawauchi Village, Orita et al. (2013) reported that residents' willingness to return to their hometown from evacuation locations was strongly negatively related to radiation anxiety, which is in contrast to the results obtained in this study. In general, since people lean toward loss aversion (Kahneman and Tversky 1979) , a magnitude of subjective value is greater for risk acceptance compared to risk avoidance. Therefore, it is possible that rather than avoiding the risk of radiation exposure and moving, accepting the risk of radiation exposure and returning is more strongly involved in anxiety Table 6 . Association of individual characteristics, evaluation of radiation-related countermeasures, and perception of radiation risk to reduction of radiation anxiety through multivariate logistic analysis.
ns, not significant (P > 0.10), *P ≤ 0.10, **P ≤ 0.05, ***P ≤ 0.01, ****P ≤ 0.001.
about risk of radiation exposure. However, it is also possible that differences exist according to time and place. In terms of the limitations of this study, first is possible bias from the low response rate. According to age group and sex, the lowest response rate was from men in their twenties (18%), while the highest was from women in their forties (33%). Furthermore, it is also possible that bias occurred because more responses were received from people who were interested in the contents of this survey. To limit bias in this study, factors were categorized and relative strengths of the associations with each factor were evaluated. Second, valid responses were received from 174 people; therefore, the study's statistical power may have been compromised. In further studies, it would be helpful to demonstrate the influence of factors that were shown to be insignificant in this study. Third, the ability to generalize findings based on the Marumori Town is limited. Therefore, it would be interesting to apply surveys in other areas. Fourth, participants reflected on the past to answer the question about change in radiation anxiety; therefore, it is possible that recall bias occurred. Fifth, as this was a crosssectional study, it will be necessary to carry out a cohort study to more firmly elucidate the causal relations. The cohort study is also expected to evaluate effects of countermeasures on time-dependent change of subjective wellbeing. It would seem that a more detailed investigation is required in the future, to elucidate long-term causal relationships using a sufficient sample size, and employing a cohort study. In this study, the focus was placed on countermeasures carried out by the town; however, a more comprehensive evaluation would be expected to investigate the effects of other variables such as countermeasures of individual coping and risk communication by NGOs. Marumori Town has been unfortunately medically underserved thus far. It would also be helpful to evaluate the effects of the presence of medical professionals on anxiety and subjective well-being, after professional medical supports are activated in Marumori Town, or when surveys are conducted in other areas with professional medical supports in the future.
In this study, methodologies of risk management and town planning were discussed from the viewpoint of rebuilding society to improve people's sense of well-being. It was shown that it is possible to evaluate the effects of risk countermeasures not only using traditional health-related indicators, such as carcinogenic risk, loss of life expectancy, QALY, and DALY, but also using indicators related to subjective values of anxiety and satisfaction with life. In particular, this study showed that it is possible to compare utility of subjective well-being among various countermeasures regarding human interactions and radiation risk. This approach would be effective when implementing town planning. It is hoped that the results from this study will be useful for designing policies toward realizing a society in which people have improved well-being.
